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(54) Piezoelectric ceramic composition 

(57) improved are the piezoelectric characteristics 
of conventional ceramics of (Ba 1 . x Sr x ) 2 NaNb 5 0 1 5 
where 0 £ x £ 1, and provided is a novel piezoelectric 
ceramic composition which does not contain lead and 
which can be practiced industrially as a material for pie- 
zoelectric ceramic devices such as piezoelectric 
ceramic filters, etc. The piezoelectric ceramic composi- 
tion comprises, as the essential component, a ceramic 
component of the general formula. (1-y)(Ba«|. 
xSrJNt^Oe-yNaNbOa where 0 s x s 1 and 0.15 £ y < 
1/3. Preferably, the composition contains, as the side 
component, at least one oxides of Mn, Cr, W, Si, Mo, Ni, 
Co, Sn, Mg, Sb, Ti, Zr and Fe, in a total amount of not 
larger than about 5 % by weight in terms of Mn0 2 , 
Cr 2 0 3 , W0 3 , Si0 2 , M0O3, NiO, C02O3, Sn0 2 . MgO, 
Sb 2 0 3 , Ti0 2 , Zr0 2 and Fe 2 0 3 , respectively. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a piezoelectric ceramic composition, particularly to a piezoelectric ceramic compo- 

sition which is usable in the field of electronic parts as a material for piezoelectric ceramic devices such as piezoelectric 
ceramic filters, piezoelectric ceramic oscillators, etc. 

BACKGROUND OF THE INVENTION 

10 

Piezoelectric ceramic compositions consisting essentially of lead titanate zirconate or lead titanate are widely used 
in piezoelectric ceramic devices such as piezoelectric ceramic filters, etc. 

Known as piezoelectric materials are compounds containing Ba, Sr, Na. Nb, O and the like. For example, 
Ba 2 NaNb^0 15 . Sr 2 NaNb 5 0 15 and the like are known as materials having piezoelectric characteristics and electroopti- 
75 cal effects, and singe crystals of those compounds have been being widely studied. However, few studies have been 
made on the use of those compounds. In 1989, J. R. Oliver et al. (J. Am. Ceram. Soc.. 72 [2J 202-1 1 (1989)) reported 
the ferroelectricity of ceramics of (Ba^xSr^NaNbsO^ (0 £ x £ 1). but they did not refer in detail to the piezoelectric 
characteristics of those ceramics. 

Conventional piezoelectric ceramic compositions consisting essentially of lead titanate zirconate or lead titanate, 
20 which have heretofore been used widely, contain lead, and are therefore not so favorable from the viewpoint of environ- 
mental protection. To produce the conventional compositions, generally used are lead oxides. The lead oxides used 
easily vaporize, resulting in that it is relatively difficult to control the quality of the products produced. 

On the other hand, ceramics of (Ba^aSr^NaNbsO^ (0 £ x £ 1) do not contain lead and are therefore free from the 
problems mentioned above. However, those ceramics are inferior to the piezoelectric ceramic compositions consisting 
25 essentially of lead titanate zirconate or lead titanate in point of their piezoelectric characteristics as indicated by, for 
example, the electromechanical coupling factor and the piezoelectric constant, and therefore they have not been prac- 
ticed industrially as materials for piezoelectric ceramic devices such as piezoelectric ceramic filters, piezoelectric 
ceramic oscillators, etc. 

Given that situation, the object of the present invention is to improve the piezoelectric characteristics of those (Ba-j. 
30 xSr^NaNbsO^ (0 £ x <> 1) ceramics and to provide a novel piezoelectric ceramic composition which does not contain 
lead and which can be used industriaDy as a material for piezoelectric ceramic devices such as piezoelectric ceramic 
filters, piezoelectric ceramic oscillators, etc. 

SUMMARY OF THE INVENTION 

35 

In order to solve the technical problems mentioned hereinabove, the present invention provides a piezoelectric 
ceramic composition comprising, as the essential component, a ceramic component represented by a general formula 
(1 -y)(Ba 1 . x Sr x )Nb20 6 -yNaNb0 3 where 0 £ x s 1 and 0.15 <; y < 1/3. Preferably, x is about 0.25 - 0.75 and y is about 0.2 
-0.3. 

40 In the formula. 0.15 £ y < 1/3. This is because when y < 0.15. polarizable piezoelectric ceramics could not be 
obtained. If y > 1/3, the composition does not have satisfactory piezoelectric characteristics. 

Preferably, the piezoelectric ceramic composition contains, as a side component, at least one oxide of Mn. Cr. W. 
Si. Mo, Ni. Co. Sn. Mg, Sb. Ti. Zr and Fe in a total amount of not larger than about 5 % by weight in terms of Mn0 2 . 
Cr 2 0 3 . W0 3 , Si0 2 . M0O3. NiO, Co^, Sn0 2 , MgO. Sb20 3 , Ti0 2 . Zr0 2 and Fe 2 0 3 . respectively. 

45 The side component if added to the composition, is effective in further improving the piezoelectric characteristics 
of the composition. The total amount of the side component in the composition is defined to be not larger than about 5 
% by weight This is because if it is larger than about 5 % by weight, polarizable piezoelectric ceramics are difficult to 
obtain. 

In another aspect of the invention, there is provided a piezoelectric ceramic composition comprising, as the esserv 
50 tial component, a ceramic component represented by a general formula (Ba 1 . x Sr x ) 2 NaNb 5 0 1 5 where 0 <> x <> 1 and con- 
taining, as a side component, an oxide of Mn in an amount of not larger than about 5 % by weight in terms of Mn0 2 . 

The amount of the Mn oxide is defined to be not larger than about 5 % by weight for the same reason as above, 
that is, it the amount of the Mn oxide in the composition is larger than about 5 % by weight, polarizable piezoelectric 
ceramics are difficult to obtain. 

55 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

Now, some preferred embodiments of the invention are described below, which, however, are not intended to 



2 

OC1D: <EP _0875493A1J_> 



EP 0 875 493 A1 

restrict the scope of the invention. 

Example 1; 

5 First prepared were starting materials of BaC0 3 , SrC0 3 , Na 2 C0 3 , ND2O5 and MnC0 3 . 

Next these materials were weighed to give a component of (Ba^Sr^NaNbsO-is where x is as in Table 1 below. 
For some samples, the materials were weighed to have the MnC^ content as in Table 1. The thus-weighed materials 
were wet-milled in a ball mill for about 4 hours, and the resulting mixture was dried and then calcined at 700 to 900°C. 

Each of the thus-dried mixture was roughly ground and a suitable amount of an organic binder added. Then, this 
10 was ground still wet for about 4 hours, using a ball mill, and thereafter sieved through a 40-mesh sieve. 

Next each of the thus-sieved samples was press-shaped under a pressure of 1000 kg/cm 2 to obtain circular discs 
each having a diameter of 12 mm and a thickness of 1.2 mm. These discs were baked at a temperature falling between 
11 50 and 1350°C in the usual manner to obtain sintered ceramic discs. 

A silver paste was applied onto the both surfaces of those sintered ceramic discs and baked to form silver elec- 
15 trodes thereon in a conventional manner. Then, a direct-current voltage of from 5 to 15 kV/mm was applied to those 
discs for 30 to 120 minutes in an insulating oil at 100 to 200°C thereby polarizing the discs. Thus were finally obtained 
piezoelectric ceramic disc samples. 

These samples were tested to obtain their relative dielectric constant (e), electromechanical coupling factor (Kt) of 
the vibration in the direction of the thickness, and piezoelectric constant (633). The data obtained are shown in Table 1 . 

20 



Table 1 



25 


Sample No. 


X 


Amount of Mn0 2 
Added (wt.%) 


Relative Dielectric 
Constant, e 


Coupling Factor, Kt 
(%) 


Piezoelectric Con- | 
start, 0^3 (pC/N) 


1 


0.0 


0 


174 


10.2 


13 




2 


0.25 


0 


394 


10.7 


17 




3 


0.5 


0 


779 


11.4 


33 


30 


4 


0.75 


0 


1113 


10.8 


36 




5 


1.0 


0 


933 


9.9 


41 




6 


0.0 


0.5 


198 


11.9 


18 


35 


7 


0.25 


0.5 


413 


12.5 


22 




8 


0.5 


0.5 


822 


14.1 


39 




9 


0.75 


0.5 


1177 


13.2 


42 




10 


1.0 


0.5 


1163 


12.8 


49 


40 


11 


0.5 


0.1 


800 


15.1 


51 




12 


0.5 


2.0 


968 


12.8 


36 




13 


0.5 


5.0 


1052 


12.3 


22 


45 


14 


0.5 


6.0 


Non-polarized 



In Table 1 , sample No. 6 to sample No. 13 are within the scope of the invention. 

As seen in Table 1, sample Nos. 6 to 13 are all superior to sample Nos. 1 to 5 which are conventional ceramics of 
(Ba^xSr^NaNbsO-K (0 <> x <5 1) in point of the electromechanical coupling factor (Kt) of the vibration in the direction of 
so the thickness. 

Sample No. 14 contained 6.0 % by weight of Mn0 2 . which does not satisfy the requirement for the Mn0 2 content 
of not larger than about 5 % by weight. Sample No. 1 4 could not be polarized. 

Example 2: 

55 

First prepared were starting materials of BaC0 3 , SrC0 3 , Na 2 C0 3 , Nb 2 0 5 , MnC0 3 , Cr 2 0 3 . W0 3 , Si0 2 . Mo0 3 , NiO, 
Co 2 0 3 . Sn0 2 , MgO, Sb^, Ti0 2 , Zr0 2 and Fe20 3 . 

Next these materials were weighed to give a component of (1 -yXBa^SrxJN^Oe-yNaNbOs where x and y are as 
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in Table 2 below. To specific samples, the side component shown in Table 2 was added. Next, these materials were 
processed in the same manner as in Example 1 to finally obtain piezoelectric ceramic disc samples. 

These samples were tested to obtain their relative dielectric constant (e), electromechanical coupling factor (Kt) of 
the vforation in the direction of the thickness, and piezoelectric constant (d 33 ). The data obtained are shown in Table 2. 









Table 2 






! Sample 

I kin 


X 


y 


Amount of 
Side 

ComDonent 
Added 
(wt.%) 


Relative 
Dielectric 
Constant a 


Coupling 
racior, m 

(%) 


Piezoelectric 
v-rOnsiani, 033 
(PC/N) 


15 


0.0 


1/3 


Not added 


174 


10.2 


13 


16 


0.5 


1/3 


Not added 


779 


11.4 


33 


17 


1.0 


1/3 


Not added 


1103 


9.9 


36 


18 


0.0 


0.3 


Not added 


166 


13.7 


22 


19 


0 5 


0 3 


Not added 


533 


15 6 


43 


20 


1 0 


0.3 


Not added 


998 


12 3 


41 


21 
*- • 


O 0 


0 2 


Not added 


154 


14 4 


25 


22 


0 3 


0 2 


Not added 


316 


17.7 


31 


23 


O 5 


0 2 


Not added 


502 


21.0 


45 


24 


0 7 


0 2 


Not added 


991 


18.1 


46 


25 


1 0 


0 2 


Not added 


964 


16.7 


46 J 


26 


0 0 


0 2 


MnO 2 /1.0 


182 


15.7 


27 I 


27 


0 5 


0 2 


Mn0 2 / 1.0 


763 


25.1 


51 


28 


0.5 


0.2 


Mn0 2 / 5.0 


1063 


23.0 


47 


29 


0.5 


0.2 


Mn0 2 / 6.0 


Non-polarized 


30 


1.0 


0.2 


Mn0 2 / 1-0 


1091 


19.7 


49 


U 31 


0.0 


0.2 


Cr 2 O a / 1 .0 


177 


15.4 


25 


I 32 


0.5 


0.2 


crjOa / i.o 


781 


21.3 


46 


| 33 


1.0 


0.2 


Cr 2 O,/1.0 


1211 


18.3 


49 j 


34 


0.0 


0.2 


WOs/1.0 


169 


20.4 


30 j 


35 


! 0.5 


0.2 


WO3/LO 


721 


24.4 


53 j 


36 


j 1.0 


0.2 


WO3/IO 


960 


20.0 


50 | 


37 


0.5 


0.2 


SiO 2 /1.0 


692 


19.8 


49 


38 


0.5 


0.2 


M0O3/LO 


777 


21.8 


52 


39 


0.5 


0.2 


Nio/1.0 


602 


18.8 


37 


40 


0.5 


0.2 


C02O3/ 1.0 


732 


20.8 


47 
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Table 2 - Conf d 




** 


Odl I ipit? 

No. 


v 

A 


y 


Amount of 

Side 
Component 
Added 

/**/# 0/ \ 


Relative 
Dielectric 
Constant e 


coupling 
Factor. Kt 
(%) 


Kiezoeiecinc 
Constant d» 
(PC/N) 


41 


0.5 


0.2 


Qr»r* / 1 n ' 




24.8 


51 


42 


0.5 


0.2 


/ i rv 

Mgu / 1 .u 


722 


22.3 


46 


43 


0.5 


0.2 


oD2V->3 / i.U 


792 


21.9 


49 


44 


0.5 


0.2 


TiO 2 /1.0 


724 


21.1 


48 


45 


0.5 


0.2 


ZrO 2 /1.0 


836 


20.2 


50 


46 


0.5 


0.2 


Fe 2 O3/10 


803 


21.8 


50 


47 


0.0 


0.15 


Not added 


116 


13.3 


17 | 


48 


0.5 


0.15 


Not added 


524 


14.2 


37 I 


49 


1.0 


0.15 


Not added 


1020 


12.1 


38 | 


50 


0.0 


0.1 


Not added 


Non-polarized 


51 


0.5 


0.1 


Not added 


Non-polarized 


52 


1.0 


0.1 


Not added 


Non-polarized | 



In Table 2, sample No. 18 to sample No. 29 and sample No. 30 to sample No. 49 are within the scope of the inven- 
tion. 

As shown in Table 2, sample Nos. 18 to 28 and Nos. 30 to 49 are all superior to sample Nos. 1 to 5 in Table 1 , which 
are conventional ceramics of (Ba^Sr^NaNbsO^ (0 £ x <. 1). in point of the electromechanical coupling factor (Kt) of 
the vibration in the direction of the thickness 

In particular, sample Nos. 26 to 28 and Nos. 30 to 46, which contain, as the side component any of MnOg. Cr 2 0 3 . 
WQ3, Si0 2 . M0O3. NiO. CogOg, Sn0 2 . MgO. Sb20 3 . Ti0 2 , Zr0 2 and Fe 2 0 3 in an amount not larger than about 5 % by 
weight are especially good in point of the electromechanical coupling factor (Kt). 

It has been confirmed that the side component may be comprised of two or more of those oxides so far as its total 
amount is defined to be not larger than about 5 % by weight. Preferably the amount is less that 2%. 

Sample No. 29 contains, as the side component, Mn0 2 in an amount of 6.0 % by weight. Sample No. 29 could not 
be polarized under the condition employed herein. From this, it is understood that the amount of the side component, if 
added, is desirably not larger than about 5 % by weight for attaining easy polarization of the piezoelectric ceramic com- 
position. 

Sample Nos. 1 5 to 1 7 and Nos. 50 to 52 in Table 2 are outside the scope of the invention. In sample Nos. 1 5 to 1 7, 
y = 1/3. In other words, these samples do not satisfy the requirement for y < 1/3. These sample Nos. 15 to 17 do not 
have a satisfactory electromechanical coupling factor (Kt). In sample Nos. 50 to 52, y = 0.1 . In other words, these sam- 
ples do not satisfy the requirement for y > 0.1 5. These sample Nos. 50 to 52 could not be polarized. 

Other Examples: 

The piezoelectric ceramic composition of the invention is not limited to the embodiments of Examples 1 and 2, but 
can be variously modified without overstepping the scope of the invention. 

As has been mentioned hereinabove and is obvious from the data in Examples 1 and 2, the invention has improved 
the piezoelectric characteristics of the conventional ceramics of (Ba^xSr^NaNbsO^ where 0 s x £ 1, and has pro- 
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vided a novel piezoelectric ceramic composition which does not contain lead and which can be used practically as a 
material for piezoelectric ceramic devices such as piezoelectric ceramic fitters, piezoelectric ceramic oscillators, etc. 

In particular, where the piezoelectric ceramic composition of the invention which comprises, as the essential com- 
ponent, a ceramic component represented by the general formula, (aXBavxSrJM^Oe - (b)NaNb0 3 (where 0 £ x £ 1) 

5 and contains, as the side component at least one oxides of Mn, Cr, W, Si, Mo, Ni, Co, Sn, Mg, Sb, Tl, Zr and Fe, in a 
total amount of not larger than about 5 % by weight in terms of MnO^ Cr 2 0 3 , W0 3 , SiC>2. Mo0 3 , NiO, C02Q3, SnO^ 
MgO, Sb 2 0 3 , 710 2 . Zr0 2 and Fe 2 0 3 , respectively, and either a - (1-y) and b - y where 0.15 <. y < 1/3 or a « 2 and b = 
1 and Mn oxide is present the piezoelectric characteristics are improved. 

While the invention has been described in detail and with reference to specific embodiments thereof, it will be 

10 apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 

Claims 

is 1. A piezoelectric ceramic composition comprising a main component represented by the general formula. (a)(Ba<|. 
x Sr x )Nb 2 0 6 - (b)NaNt>0 3 where 0 ^ x <, 1 and either (A) a is 1-y and b is y and 0.15 £ y < 1/3 or (B) a is 2 and b is 
1 and present is an oxide of Mn in an amount of not larger than about 5 % by weight in terms of Mn0 2 . 

2. A piezoelectric ceramic composition comprising a main component represented by the general formula, (1 -y)(Ba 1 . 
20 x Sr JNt^Og-yNalStoOs where 0 £ x £ 1 and 0. 1 5 £ y < 1/3. 

3. The piezoelectric ceramic composition according to claim 2, wherein x is about 0.25 - 0.75 and y is about 0.2 - 0.3. 

4. The piezoelectric ceramic composition according to claim 3 further comprising at least one member selected from 
?s the group consisting of the oxides of Ma Cr, W, Si. Mo, Ni, Co, Sn, Mg, Sb, Ti, Zr and Fe, in a total amount of not 

larger than about 5 % by weight in terms of Mn0 2 , Cr 2 0 3 , W0 3 , Si0 2 , Mo0 3 , NiO, Co^, Sn0 2 , MgO, Sb^, 
Ti0 2 , Zr0 2 and Fe 2 0 3 , respectively. 

5. The piezoelectric ceramic composition according to claim 4 in which the amount of said oxide is less than 2 % by 
30 weight 

6. The piezoelectric ceramic composition according to claim 2 further comprising at least one member selected from 
the group consisting of the oxides of Mn, Cr, W, Si, Mo, Ni, Co. Sn, Mg, Sb. Ti, Zr and Fe, in a total amount of not 
larger than about 5 % by weight in terms of Mn0 2 , Cr 2 0 3 , W0 3 , Si0 2 , Mo0 3 , NiO, Co 2 0 3 , Sn0 2 , MgO, St^O^ 

35 Ti0 2 , Zr0 2 and Fe 2 0 3 , respectively. 

7. The piezoelectric ceramic composition according to claim 6 in which the amount of said oxide is less than 2 % by 
weight 

to 8. A piezoelectric ceramic composition comprising a ceramic component represented by the general formula (Ba-j. 
x Sr x ) 2 NaNb$0 1 5 where 0 ^ x £ 1 , and containing an oxide of Mn in an amount of not larger than about 5 % by weight 
in terms of MnCV 

9. The piezoelectric ceramic composition according to claim 8 in which the amount of said oxide is less than 2 % by 
is weight. 

10. The piezoelectric ceramic composition according to claim 6, wherein x is about 0.25 - 0.75. 

1 1 . The piezoelectric ceramic composition according to claim 1 0 in which the amount of said oxide is less than 2 % by 
so weight 

12. A polarized piezoelectric ceramic composition according to claim 10. 

13. A polarized piezoelectric ceramic composition according to claim 8. 

14. A polarized piezoelectric ceramic composition according to claim 6. 

15. A polarized piezoelectric ceramic composition according to claim 4. 
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1 6. A polarized piezoelectric ceramic composition according to claim 3. 

1 7. A polarized piezoelectric ceramic composition according to claim 2. 
5 1 8. A polarized piezoelectric ceramic composition according to claim 1 . 

10 
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